Patients with rheumatoid arthritis who are treated with large doses of the antimalarial drugs chloroquine and hydroxychloroquine (Plaquenil) may develop a severe disturbance of vision due to retinal damage. This retinopathy is irreversible, and may progress for long periods even though the treatment has stopped (Cambiaggi, 1957; Hobbs, Sorsby, and Freedman, 1959; Hobbs, Eadie, and Somerville, 1961) . In this condition the electro-oculogram, an electrodiagnostic test, shows very abnormal results (Arden and Fojas, 1962) , suggesting that the primary site of the lesion is the cells in the pigment-epithelium which produce the measured electrical potential. This hypothesis has since been proved in experimental chloroquine retinopathy induced in cats (Meier-Ruge, 1965) . Furthermore, in patients who are taking antimalarials, but in whom the fundus and visual functions are normal, the electro-oculogram may be low (Arden, Friedmann, and Kolb, 1962) .
During prolonged chloroquine treatment abnormalities may appear in the fundus while the patient's vision is still unaffected. The earliest change consists of slight pigmentary mottling of the macula and perimacular region (Henkind and Rothfield, 1963) . At a later stage retinal and subretinal oedema, accompanied by definite pigmentary changes, give the picture of the macular "bull's-eye" (Henkind, Carr, and Siegel, 1964) . In one case the appearance of a " bull's-eye " was followed by loss of visual field as a true retinopathy developed. However, if treatment is withdrawn at this stage the process may be arrested.
All these findings suggest that there is a stage of "preretinopathy " which might be recognized on careful examination before retinal neuronal activity is irreversibly impaired. It is of obvious interest to find out as much about the condition as possible, and for this purpose the survey was undertaken.
Methods
The patients in the survey were being treated for rheumatoid arthritis and allied collagenoses. They were drawn from hospitals in London and the provinces and were unselected except that they were willing to co-operate. Their ages ranged from 17 to 73. All of them received a thorough eye examination by an ophthalmologist attached to their local hospital. Electrooculograms were performed within six weeks (before or after) of this examination. A specially developed portable electrooculographic recorder was used. The technique employed was very similar to the one previously described (Arden, Barrada, and Kelsey, 1962) , but bitemporal recording was employed.
The device was calibrated on normal healthy subjects prior to the survey. Copies of the ophthalmic findings and a full summary of the patients' medical histories were sent to a central register. (Arden and Barrada, 1962; Kolb, 1965) . The antimalarials taken by the patients were chloroquine and hydroxychloroquine. Hydroxychloroquine doses were divided by the factor 1.25 to allow for what is held by some consultants to be a smaller therapeutic effect. In patients who had taken both drugs the total dosage was arrived at by adding this scaled dosage. Most of the patients had received other treatments, but no analysis could be made of the effects of these, because of their wide variety. Table I shows the major groups into which the 347 patients were divided, and the corresponding electro-oculographic values. The normal control electro-oculogram is 237 (S.E. 5.2), and a decrease from this value represents an abnormality. Two groups of patients served as additional controls-those who had never had antimalarial drugs but who were about to begin treatment, and those who had had the drugs in the past but whose courses had finished three months to three years prior to testing. Both groups had normal electro-oculograms. (Arden, Barrada, and Kelsey, 1962; Blach, Jay, and Kolb, 1966) . So also were patients with diagnosed Sj6gren's syndrome, those with any history (or signs) of previous eye disease or eye surgery, and those with any sign of arteriosclerotic retinal vessels (it has been suggested (ter Bals, 1964 ) that this is a precipitating cause of chloroquine retinopathy), diabetes, or evidence of other collagenoses-for example, skin lesions-or clinicopathological tests. In addition, the few patients whose records were in any way incomplete were disregarded. In a previous survey (Kolb, 1965 ) the exclusions were fewer and less rigorously applied. This may explain why in this survey, but not in the previous one, it has been found that patients who have never had antimalarials have normal electro-oculograms. It is known that patients with other collagenoses-for example, systemic lupushave low electro-oculograms (Maguire and Kolb, 1964) .
Results
In the main group of patients-that is, those taking antimalarials and having no ophthalmological abnormality-the electro-oculogram is significantly lower than normal. In view of the types of control used, this decrease must be ascribed to the patients' medication. The last patient-group consists of those who had fundal abnormalities. These patients were subject to the same exclusions as the preceding group, and the eye signs consisted in pigmentation, "bull's-eyes," etc. Two further patients had such signs but were excluded because of myopia in one and arteriosclerotic changes in the fundus of another. In this group of patients with eye signs the electrooculogram was still further depressed, and the difference between this group and the one without eye signs is significant. In view of the exclusions, it again seems that the development of eye signs and depression of the electro-oculogram must be ascribed to the patients' medication. Table II shows the results obtained when the patients are divided into groups according to the duration of continuous treatment. Since the regimen employed differs from physician to physician, and alters during the course of treatment, the total dosage per year of treatment varies. Table II shows that in all groups the electro-oculogram is depressed, and a proportion of patients have fundal abnormalities. However, no very systematic change with length of treatment can be observed. An increase in dosage up to 7 g./kg. has little further effect on the electro-oculogram. However, in the highest-dosage group (more than 8 g./kg.) the average electro-oculogram is significantly lower (t-test) than the rest. Thus total dosage rather than length of treatment may be the decisive factor in causing a decrease in the electro-oculogram.
Analysis by Duration of Treatment
More revealing is the comparison between electrooculographic value in the subgroups and the incidence of eye signs. It is apparent that in the highest-dosage group the incidence of eye signs is greater, and significantly greater, than in any of the others. This feature also does not show in Table  II , where the patients are divided according to length of treatment. When patients are divided according to total dosage there is a highly significant correlation (r== -0.74) between the incidence of eye signs and the depression of the electrooculogram. This suggests that the same mechanism is responsible for both phenomena. It would be impracticable to analyse the patients with eye signs into further subgroups, for the numbers involved are too few. However, if the electrooculographic abnormality and the fundal abnormality have a common cause, it is possible to analyse the results of electrooculographic tests on the large group of patients with normal fundi and extrapolate the result to the disturbance caused by antimalarials in general. This has been done by determining if there is any regression of electro-oculogram on dosage in selected subgroups.
The analysis was undertaken to discover if (1) any particular antimalarial was preferable, (2) if the daily dosage employed was important, and (3) if there was a synergy between drug and disease which together caused the visual disturbance. The result of the analysis has been almost entirely negative. Not only has no correlation been found between dose and electrooculogram in any subgroup, but the average electro-oculogram in all subgroups are nearly identical. It was found that chloroquine and hydroxychloroquine affect the electro-oculogram identically. Within the limits employed, dose-rate makes no difference, and the electro-oculograms of patients who have had intermittent or continuous therapy are similar. Patients in remission gave the same values as those actively deteriorating; and in those who obtained relief from the drug the results were the same as in those in whom it was ineffectual. It was, however, found that men had slightly higher electro-oculograms than women, as has been previously shown (Kolb, 1965) . Since no variable was found to affect the electro-oculogram, slight differences between the control patients and the rest (Table II) could not have caused the observed electro-oculographic depressions: it seems to be proved that antimalarial therapy caused these decreases.
Analysis by Dosage
When the patients are divided into groups according to the total dose (g./kg.) a slightly different pattern is observed (Table  III) . The electro-oculographic depression is apparent even in those who have taken less than 1 g./kg.-this corresponds to about six months' treatment with a commonly employed dosage. Tables IV, V , and VI show the details of patients with eye signs, and give comparisons with the other patients. Those patients with fundal abnormalities have been divided into two groups, depending upon whether or not they were taking the drug when the electro-oculogram was measured. The latter group either had finished a course, had complained of visual symptoms, or had had the drug withdrawn as a result of the ophthalmologist's examination. The former group, taking the drug, either had not seen an ophthalmologist or had been allowed to continue. Consequently, this group shows less severe signs than those who had stopped treatment. In other respects the two groups are very similar. The average age is the same as in the total patient group, and the sex ratio is similar (Table V) . The average duration of illness is as expected (Table VI) . The total amount of drug ingested varies greatly, but the average is nearly twice that of the drug taken by the patient-population as a whole-a highly significant difference (Table VI) . The dose-rate is not significantly different from normal.
The most common eye sign reported is pigmentation-in fact in only 2 of the 16 cases still on medication was any other sign reported. The reports made it clear that the pigmentation was not always bilateral or confined to the central retina. The next most common eye sign was the " bull's-eye." Again this was not always bilateral. In only two cases were alterations of vessels noted, in association with obvious retinopathies with field loss. In only one case was visual acuity severely decreased. The electro-oculogram was depressed in both groups of patients (Table VI) . The absolute value is lower in those still taking the drug, but the percentage depression is greatest in the second group, for their average electro-oculogram should be compared with the higher normal value. In both groups the additional depression associated with the development of eye signs is highly significant.
In view of the minimal fundoscopy findings, especially in the patients still taking antimalarials, it might be argued that the ophthalmologist's report of pigmentation was often mistaken. 6/5 6/16 6/5 6/5 6/9 6/5 6/6 6/5 6/5 6/5 6/12 6/6 6/5 6/5 6/12 6/4 6/6 6/60 6/9 6/6 6/18 6/6 6/4 6/6 6/4 6/6 6/5 616 can be seen that many individual patients had electrooculograms well above the average normal: the average retinopathy result is above the lower limit of normal ; and about 10% of the results are below the lower limit of normal even though no abnormality was detected in the fundus. The significance of these results is discussed below.' Discussion The incidence of minor retinal abnormalities in this survey (29 out of 211 patients) is high, but is in agreement with the results of most previous surveys (Nylander, 1963; Henkind et al., 1964; Lloyd and Hiltz, 1965 ; Butler, 1965) . As a result of this survey it is possible to give some answers relating to the management of patients who are taking chloroquine. It appears from our analysis that the ocular complications observed are related to the drugs, and have no relation to rheumatoid arthritis or senescence. Within the range of dosage employed by the clinicians the determining factor appears to be the total dosage ingested.
Of the warning signs that retinal damage may occur the most promising would seem to be the detection of fundal pigmentation. It is, obviously of no use waiting till visual disturbances occur. The striking appearance of the "bull'seye " was in three of six instances associated with depressed visual acuity. Though the "bull's-eye" may clear up when the drug is withdrawn (Crews, 1964) , it may also progress (Henkind et al., 1964) to a retinopathy with field loss; it would therefore not be wise to wait for the development of a " bull'seye " before taking patients off their antimalarial therapy.
The individual variation of the electro-oculogram is so great that a single test cannot be used to decide whether a patient should continue taking antimalarial drugs or not. Progressive decline in the electro-oculogram during medication might be more reliable ; no statistical information is, however, available. Since antimalarial drugs cause a rapid decrease in the electrooculogram in the absence of other evidence of retinal damage, any additional decrease occurring just before a retinopathy developed would be hard to detect with certainty.
Though the presence of fundal pigmentation seems the most promising way of detecting antimalaria-induced damage, it is necessary to inquire how a positive diagnosis can be made, and what is the exact relation between pigmentation and the onset of the retinal damage. In this survey the diagnosis was made on subjective grounds alone, but the aid of fundus photography would be desirable. Some normal fundi may have been termed pigmented by the ophthalmologist-Case 7 (Table IV) may be such an instance. However, the incidence of false-positive diagnoses must be low. No patient who had not taken antimalarial drugs was so diagnosed, and the pigmented group has significantly different electro-oculograms and drug intakes from the rest of the patients.
About 10% of the patients who were said to have normal fundi had electro-oculograms below the lower limit of normal. If the effect of antimalarials was merely to depress the average electro-oculogram slightly, such a large proportion of abnormal electro-oculograms would not have been found. In addition, some of the patients who had low electro-oculograms were reexamined (at a later date), and fundal abnormalities were then detected. These facts make it likely that the ophthalmologists were rather conservative in their diagnoses, and passed as normal fundi those which were truly abnormally pigmented. This would also be expected if the incidence of false-positive diagnoses was low. The electro-oculogram may therefore be of use in doubtful cases.
This survey was not designed to find out how long after the development of fundal pigmentation a true retinopathy developed, but it is obvious from the results that some time must elapse; otherwise the incidence of florid retinopathy would be much higher than it was. Table IV, column 5, illustrates this point. If, very soon after the eye signs appeared, vision was lost to an extent where the patient complained, the drug would at once be withdrawn. The proportional incidence column would then be cumulative: no patient who developed an eye sign would go on taking the drug and enter the next dosage group. Less than half would complete a course of 500-600 g. This obviously does not describe the true situation.
It seems, therefore, that the development of pigmentation in the fundus of a patient who is taking antimalarial drugs need not be an absolute and automatic bar to continuing treatment. However, these signs (and florid retinopathies) can occur very soon after treatment has started. It does seem certain that doses of 8 g./kg. or more carry a high risk of producing retinal damage/fundal abnormalities. It is of some importance that no less than 10% of our patients had received such doses.
Summary
A survey has been made of patients with rheumatoid arthritis who were treated with antimalarial drugs. The overall incidence of retinal changes attributable to this therapy is 13%, and in the group who had taken more than 8 g./kg., 40%.
Doses of this size were given to one patient in seven. No specific rheumatic factor could be demonstrated.
The most common retinal change was an alteration in pigmentation. No specific regimen of dosage was preferable. The high incidence of retinal change found is related to the minor nature of the eye signs noted, but it is felt that these are indications for stopping treatment, since the appearance of the more dramatic lesions, " bull's-eyes," is associated with irrecoverable loss of vision.
